Objective: To investigate predictors of trial start-up times, high attrition, and poor protocol adherence in amyotrophic lateral sclerosis (ALS) trials.
The translation of basic research to clinical practice depends on the conduct of well-designed and efficient clinical trials. Delays in study start-up, high participant attrition, and poor adherence to the study protocol reduce trial validity and inflate the timelines and costs of drug development. In published clinical trials, enrollment and retention data are routinely reported; however, factors affecting study start-up times, retention, and adherence to the protocol are rarely mentioned. 1, 2 Conducting efficient clinical trials involves completing study start-up processes in a timely manner. This includes execution of the site contracts, obtaining institutional review board (IRB) approvals, and completing protocol, pharmacy, and outcomes trainings. Delays in the study start-up process can extend trial duration and costs, threaten trial feasibility, and delay answering important clinical questions.
The internal validity of a clinical trial depends largely on good conduct including retention and maintaining good protocol adherence (i.e., complying with the study protocol). In addition, high attrition requires larger sample sizes to maintain statistical power and subsequently inflates trial duration and costs. 3, 4 Amyotrophic lateral sclerosis (ALS) is a rare neurologic disorder that has many potential therapies currently in development. 5 With a small patient population and limited funds, it is critical that clinical trials are well designed and efficiently run. To better characterize these issues, we investigated factors that may correlate with study start-up, retention, and protocol adherence in ALS clinical trials and proposed steps to improve the efficiency of trial initiation and conduct.
METHODS Study start-up times, retention rates, and adherence to study protocol (number of protocol deviations) were estimated from 5 ALS clinical studies conducted by the Northeast ALS (NEALS) Consortium and 49 previously published ALS trials. A list of factors that might contribute to differential efficacy of trial conduct were proposed by study authors and categorized into site factors, participant factors, and trial factors. Finally, the associations among the proposed factors and start-up times, protocol adherence, and retention were investigated.
NEALS Consortium studies. Study start-up. Retrospective analysis of 4 ALS clinical studies conducted by the NEALS Consortium was performed to determine the time required for sites' contract execution and IRB approval, and enrollment of the first participant at each site. The ALS studies examined include the following: 1) ceftriaxone (63 sites) (NCT00349622), 2) lithium (21 sites), 6 3) KNS-760704 (20 sites), 7 and 4) biomarkers study (29 sites) 8 (table 1) .
Contract execution time was defined as the time from when the trial contract was initially sent to sites to full execution of the agreement; IRB approval time as the time from when the initial protocol was sent to sites to site IRB approval; and IRB to site activation time as the time from IRB approval of protocol to the site enrolling the first participant. Finally, total time for first participant enrollment was defined as total time from when the initial protocol was sent to sites for IRB preparation to time of first participant enrollment at the site.
Site factors that may contribute to study start-up were investigated. Participating NEALS sites were surveyed on the presence and size of a multidisciplinary ALS clinic, the number of investigators (1, 2, 3, .3), and the number of research coordinators devoted to clinical trials, the years of experience of site coordinators (,2, 2-3, .3 years), the number of ALS trials completed by site primary investigator, the time site primary investigator devotes to clinical research (,20%, 20%-40%, .40%), and the number of ongoing ALS clinical trials at the site.
Retention and adherence. Retention and protocol adherence data were collected on 601 participants enrolled in 5 ALS clinical trials conducted by the NEALS Consortium: 1) celebrex, 9 2) arimoclomol, 10 3) coenzyme Q10, 11 4) lithium, 6 and 5) KNS-760704 7 (table 1).
Retention was defined as trial completion on study drug. Attrition rates were estimated by the percentage of participants that withdrew from a trial, and reasons for attrition were collected for all participants including death. Adherence was estimated by the number of protocol deviations, defined as any change, divergence, or departure from the study protocol, for each participant in these trials. Deviation rates were measured by counts of deviations per participant during their time in the study.
Participant factors that may contribute to retention and adherence were examined, including age, sex, race, disease duration (time from symptom onset to enrollment), time from symptom onset to diagnosis, familial ALS status, and baseline disease state measured by forced vital capacity and the ALS Functional Rating Scale-Revised.
Literature review. To further explore retention rates and causes of attrition in a large number of ALS trials, a PubMed search was conducted for phase II and III ALS trials published between 1979 and 2011. Fifty published ALS clinical trials were identified, 49 of which reported participant attrition data. Available trial factors that may contribute to retention rates were collected including treatment to placebo ratio, open-label option, trial sponsor (industry vs academic), route of administration, off-label availability, and rate of serious adverse events.
Statistical analysis. NEALS Consortium studies. Study start-up.
Median time intervals were estimated from Kaplan-Meier productlimit estimates of the survival function. Point-wise confidence intervals (CIs) were obtained using a log-log transformation of the survival function. Predictors of differential times to events of interest were analyzed using accelerated failure time frailty models assuming Weibull-distributed event times, controlling for study, and with principal investigator as a random effect. Estimates are expressed as a percent difference in mean time to event. Predictors originally collected on an ordinal scale (e.g., mean coordinator experience ,2 years, 2-3 years, and .3 years) were dichotomized at their medians.
Adherence and retention. Predictors of attrition odds were tested using mixed-model logistic regression with random effects for study and site within each study. Predictors of causes of attrition, categorized as death, consent withdrawal for an unknown reason, adverse events, or other, were tested by multinomial regressions using a generalized logit link. Multinomial models with random effects of study and site within each study failed to converge. Predictors of protocol deviation rates were tested by mixed-model negative binomial regression with random effects for study and site within each study and an offset equal to the log of time on study.
Literature review. Weighted linear regression models were used to estimate associations between trial factors and attrition rates as the reported proportion of the enrolled cohort who survived but did not complete the study in published ALS trials. The total enrollment in each trial was used as sample weights. Inference was confirmed in mixed-model log-linear regressions with random effects for each trial.
RESULTS NEALS Consortium studies. Study start-up.
The median total time for first participant enrollment was 252 days (95% CI 227-264 days) after the initial protocol was submitted to the sites. Within this time frame, the median time for contract execution was 105 days (95% CI 81-118 days), for IRB approval 125 days (95% CI 102-139 days), from IRB approval to site activation 63 days (95% CI 50-73 days), and from site activation to first participant enrollment 33 days (95% CI 22-54 days) (figure). Contract execution time was shorter at sites with more ongoing trials and more full-time and more experienced coordinators. Contract execution time decreased by 16% (95% CI 5%-25%, p 5 0.005) for each additional ongoing trial at the site, by 21% (95% CI 7%-33%, p 5 0.006) for each additional full-time coordinator, and by 48% (95% CI 32%-60%, p , 0.001) for sites whose coordinator(s) had 2 or more years of experience.
IRB approval time was shorter at sites with more ongoing trials and larger clinics. IRB approval time decreased by 15% (95% CI 3.5%-22%, p 5 0.010) for each additional ongoing study, and by 15% (95% CI 1.0%-28%, p 5 0.038) for each additional 100 patients followed in clinic. As with contract execution times, IRB to site activation time was shorter at sites with more fulltime coordinators (21% decrease/coordinator, 95% CI 1.3%-36%, p 5 0.038) and those that had coordinators with more than 2 years of experience (44% decrease, 95% CI 24%-59%, p , 0.001). None of the tested factors had a significant impact on the time to enrollment of first participant (table e-1 on the Neurology ® Web site at www.neurology.org).
Retention and protocol adherence. The 3 most common reasons for attrition were consent withdrawal for no specific cause (37%), death (28%), and withdrawal secondary to an adverse event (17%). Other causes for attrition were loss to follow-up (4%), disease progression (3%), difficulty traveling to the site (2%), and perceived lack of drug efficacy (2%); no reason was given in 7% of the cases. The overall mean rate of attrition for causes other than death was 22%. A better functional status at baseline measured using the ALS Functional Rating Scale-Revised was an independent predictor of completing the trial (odds ratio [OR] 1.38/5-unit increase, 95% CI 1.13-1.68, p 5 0.002). Longer time from diagnosis to enrollment also predicted higher odds of study completion (OR 1.30/year, 95% CI 1.03-1.64, p 5 0.026).
The average number of protocol deviations across all 5 NEALS trials was 4.7 deviations/participant/ year. Omitting parts of the protocol, such as outcomes and safety procedures, and out of window visits were the most common form of nonadherence, together accounting for 84% of all deviations. Other more serious reasons for nonadherence included deviations related to eligibility (6%), study medication (4%), IRB/regulatory (3%), consenting procedure (2%), and other (1%). A better respiratory status at baseline measured by forced vital capacity was a predictor of fewer protocol deviations (OR 0.86/10-unit increase, 95% CI 0.74-0.99, p 5 0.030). Caucasian race was predictive of a lower rate of deviations (OR 0.17, 95% CI 0.05-0.54, p 5 0.003). None of the other participant factors had an impact on retention or adherence (table e-1).
Literature review: Retention. The mean attrition rate across 49 studies was 33% 6 19%; 15% was due to death. Among surviving participants, the 2 most common reasons for attrition were adverse events (30%) and consent withdrawal for no specific reason (21%). Other reasons included disease progression (11%), study termination (9%), loss to follow-up (6%), perceived lack of drug efficacy (4%), and poor compliance (4%). DISCUSSION Similar to published studies in other disorders, 12-15 study start-up processes for multicenter ALS studies were long (252 days) and variable (range 70-596). Most of the start-up time was spent obtaining site IRB approvals (125 days) and executing site contracts (105 days). These 2 processes were sequential at some sites and parallel at others. Sites that follow more patients in clinic, conduct more trials, and have more experienced staff had faster study start-up. This is reminiscent of the positive correlation between volume and improved health care delivery outcomes. 16 There is very little published data on start-up times in neurologic clinical trials, and none of the 50 ALS clinical trials reviewed reported start-up timelines. Study start-up has been examined in more detail in oncology clinical trials. [12] [13] [14] These studies also observed that administrative processes, including review of a protocol by multiple IRBs, lengthen study start-up times. 14 Reduction in start-up time can be accomplished by adopting paperless technologies such as central Web portal systems for document sharing, and establishing central IRBs (CIRBs) and master contract templates.
Some institutions require completion of the contract execution process before submission of a protocol to their local IRB. This sequential approach adds to start-up delays. Either working in parallel with IRB review or using a standardized contract template could reduce the timeline for study start-up. In our study, 90% of sites used their local IRB, whereas a CIRB system may have speeded up the approval process by eliminating duplication of efforts at local sites. 15 For multicenter clinical trials in Parkinson disease, Ravina et al. 15 reviewed the impact of local IRB reviews on safety and costs and found that local IRB reviews did not result in any significant changes to the protocol, and that these minor changes made no difference to a person's decision to participate in a trial. In addition to start-up delays, the cost of this process exceeded $100,000. 15 Implementation of a CIRB model in oncology trials was associated with faster review and less IRB staff effort. 17 The main mission of the IRB is to protect the welfare of study participants; however, the prolonged IRB approval timelines contribute to inflating the cost of clinical trials and delaying finding treatments for people with devastating diseases such as ALS. The cost of developing a new drug is approximately $800 million 18 and the principal driver of this cost is late-stage multicenter clinical trials, where IRB delays have the most negative impact on cost.
The National Network for Excellence in Neuroscience Clinical Trials (NeuroNEXT) was established by the National Institute of Neurological Disorders and Stroke to improve the efficiency of neurology clinical trials. Two key initiatives utilized by NeuroNEXT to accomplish this goal were to implement the use of a CIRB along with standardized master clinical trial agreements between the clinical study sites. 19 The average nondeath attrition rates in ALS clinical trials measured in our literature review and NEALS trials were 18% and 22%, respectively. The most common causes for nondeath attrition were consent withdrawal and adverse events. Of the 27% who withdrew consent without giving any specific reasons, it is conceivable that there was a combination of issues such as disease progression, travel difficulties, and caregiver burden. One limitation of our study is that the original trials did not fully explore reasons for consent withdrawal.
Our results suggest that enrolling people with better functional status may improve retention. We also found that people with longer disease duration had better retention in ALS trials. The combination of longer disease duration and preserved functional status at enrollment represent a subgroup of people with slowly progressive disease. Enrolling people at early disease stages and with good functional status will not only improve retention in clinical trials, but will also increase the chances of seeing the biological benefits of neuroprotective treatments.
Participant retention is a challenge in any clinical trial. In a recent review of Alzheimer disease clinical trials, retention ranged from 46% to 95%. 20 Non-Caucasian race, lower education level, depression, being unmarried, and being recruited by commercial sites were among the risk factors for higher attrition. 21 In one trial of antiepileptic therapy, the 1-year retention rate was 47% and the most common reasons for early study treatment withdrawal were adverse events and perceived lack of efficacy. 22 We could not identify specific trial design factors that predict retention. This highlights the limitations of using published literature to study trial retention and emphasizes the need for conducting studies dedicated to characterizing this problem in various neurologic disorders. We propose a few modifications in clinical trial design that could affect retention. For example, retention could be improved by designing shorter trials with a simpler schedule of activities that include telephone calls between visits, sending newsletters to study participants, more frequent communications with sites, use of performance measurement tools to the sites, using telemedicine tools for ease of communication between sites and participants, and developing reliable self-administered trial outcomes. 23, 24 Higher attrition in trials offering open-label extensions is a surprising finding in our study. This could be a false-positive result attributable to the relatively small number of trials that offered open-label extension (12/49 trials) or a true finding that reflects an inherent difference in the design and conduct of trials that offer open-label extension or the types of participants who enroll in such trials. Those trials could be more complex, require more frequent visits, or test invasive treatments with more adverse events. Unfortunately, the available published data were not sufficient to verify these hypotheses.
Our results suggest that suboptimal adherence to trial protocol, measured by the incidents of protocol deviations, is common (4.7 deviations/participant/ year). Although the majority of these protocol deviations were minor, 15% were serious deviations related to trial eligibility, the consenting process, and study drug administration. Similar to retention, enrolling people at earlier stages of the disease was associated with better protocol adherence.
Any clinical trial is likely to have in practice less than 100% adherence, which reduces the opportunity to observe the true effect of the trial intervention. For example, a 20% reduction in drug adherence by study participants may result in the need for a greater than 50% increase in sample size. Unfortunately, to date, little research has been conducted investigating protocol adherence issues in clinical trials. 25 Lessons learned from other disorders suggest that 3 major considerations should be addressed when designing and conducting clinical trials. First, it is important to define a study population that is likely to adhere to the study protocol. Drug addiction, psychological problems, cognitive impairment, low literacy, history of missed clinic appointments, advanced disease, and living a long distance from the study site are some of the participant factors that could affect protocol adherence. 26 Second, trial design may have an impact on protocol adherence. Involving patients and patient advocates in the trial design phase and designing trials with simplified schedules could all improve protocol adherence. 26, 27 Third, site staff can have a major impact on maintaining good adherence. Trial adherence can be improved by establishing a good relationship between site staff and the participant, offering parking, flexible visit hours, optional home visits, and sending visit reminders and study update cards. 26 As more therapies are developed for neurologic disorders, it is important to systematically study start-up times, retention, and protocol adherence. Current start-up times for ALS clinical trials are long but could be improved by selecting experienced sites with better training, and perhaps by implementing a CIRB review process that is streamlined with contract execution. We attempted to identify factors that may affect retention and adherence in ALS trials, and our results suggest that these can be improved by enrolling people at earlier disease stages. It is important to note that some of the reasons and solutions for retention and adherence challenges are disease-specific and should be addressed in each field separately.
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